
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE m > q 

- ~ m 



Applicant : Watts, P. J. 



Serial No. : 09/269,903 



Filed 




May 6, 1999 



Group Art Unit 



Examiner 



Confirm. No. 



1616 



F. Choi 



1775 



ro 

CO 



f-o 



m 
o 



For 



COLONIC DELIVERY Attorney Docket No. : 1 0774-40 
OF WEAK ACID DRUGS 



DECLARATION UNDER 37 C J.R. § 1.132 



I, PETER JAMES WATTS, declare as follows: 



I received a Bachelor of Science degree in Pharmacy from University of 
Aston, Birmingham, UK in 1987 and a Doctor of Philosophy degree in 
Pharmacy from the University of Nottingham, UK in 1992. Since 1992, 1 
have been employed by West Pharmaceutical Services Drug Delivery and 
Clinical Research Centre Ltd. (formerly Danbiosyst UK Ltd), the 
assignee of the above referenced application. I have been involved in 
formulations at West (and Danbiosyst) since 1992. I have been head of 
the formulations section at West since July 1999. I have authored or co- 
authored many scientific publications and presentations, including a 
chapter in a book, sixteen journal articles and fourteen presentations at 
symposia. My curriculum vitae is attached as Exhibit A. 



As the inventor in the present case, I was directly involved in the studies 
that led to the present invention and which are disclosed in the instant 
specification. I also supervised and designed the experiments that yielded 
the data set forth herein. 

I have read and understood the content of the pending office action in the 
instant application as well as the prior art that has been cited by the 
examiner. 

The examiner suggests that US patent No. 5,711,967 (hereinafter "Juch") 
destroys the novelty of the claims of the present case and/or renders them 
obvious. 

The present invention comprises a pellet system. The pellets comprise 
inner cores, which inner cores either include, or are coated with, a drug 
having particular physical properties (as defined in Claim 1), which drug 
is provided in the form of a salt. The inner core is then subsequently 
coated with a rate-controlling membrane that determines drug release. 
These coated pellets are then provided with a means adapted to prevent 
release of drug until the terminal ileum or the colon is reached following 
oral administration. 

Thus, the present invention describes a three-component system 
comprising: 

(a) an inner core (which inner core comprises or is coated with drug); 

(b) a rate-controlling membrane; and 



(c) a means which is provided to prevent release of drug until the colonic 
region is reached. 

Parts (a) and (b) above are in pellet form. Rate-controlling membranes 
for use in the invention are described at inter alia page 7, line 15 to page 
8, line 14 of the application as filed. Selection of an appropriate 
membrane for use in the composition is well within the routine skills of 
an artisan; such selection would be guided by consideration of several 
factors, including the particular drug to be delivered, the desired drug 
release rate, etc. 

Suitable means for providing a composition that is adapted to prevent 
drug release until the terminal ileum or colon is reached ((c) above) are 
described in explicit terms at pages 7 to 1 1 and 14 to 19 of the application 
as filed. Such means may be readily be determined by a person skilled in 
the art using routine techniques, in particular gamma scintigraphy (for 
example, as described in Drug Development and Industrial Pharmacy 14, 
21 1-281 (1988) (copy enclosed as Exhibit B)). 

Juch, on the other hand, describes a delivery system for diclofenac 
sodium based on non-pareil seeds coated firstly with an active ingredient 
layer followed by an "inner layer", and finally with a "film coating layer". 

That Juch does not describe or suggest compositions that include a means 
to prevent release of drug until the colonic region is reached would be 
clear to the skilled person. The active ingredient employed in Juch, 
diclofenac, is an analgesic agent. Thus, diclofenac dosage forms require a 
rapid onset of drug action (release in the upper intestines rather than 



delayed release until the colonic region is reached) for the drug to have 
the desired effect. This would have been readily recognised by a person 
of ordinary skill given the disclosures of Juch at inter alia column 2, lines 
38 to 44 and, more especially, column 3, lines 56 to 63, where it is stated 
that administration of the Juch dosage form "is followed as quickly as 
possible by analgesia which is maintained over a prolonged period of 
time..". 

In any event, a specific formulation as described in Juch has been 
replicated with a view to investigating its release characteristics, in order 
to determine whether it would provide terminal ileum/colonic delivery in 
humans. The results of this investigation are provided herein. 

As one of at least ordinary skill in the art, experience has taught me that a 
delay in drug release of around 90 to 120 minutes in pH 6.8 dissolution 
(the pH of the intestinal environment) provides sufficient evidence that a 
formulation will provide for colon-specific delivery in vivo (see, for 
example international patent application WO 95/35100 (copy enclosed as 
Exhibit C), which describes, at Example 3, starch capsules that dissolve 
after 160 mins at pH 6.8 - in vivo these capsules tended to disintegrate in 
the more distant regions of the colon (e.g. transverse colon/descending 
colon; see Table 1)). 

Example 2 of Juch was decided to be a representative formulation to 
replicate (at a reduced scale). We omitted to include red iron oxide that 
acts as a colorant and has no effect on the dissolution profile. 



It is clear to me that other examples of Juch are very similar in the way 
that they are put together and would therefore not exhibit significantly 
different release profiles. Examples 1, 3 and 5 of Juch have the same 
outer coating of enteric polymer (Eudragit L30D) and in similar 
quantities. Although Example 4 of Juch uses a different coating polymer 
("Aquateric"), the manufacturer's (FMC Corporation) literature suggests 
that the pellets of Example 4 would dissolve rapidly. The enteric coating 
in Example 4 will comprise 15 kg Aquateric, 5 kg diethyl phthalate, 0.2 
kg polysorbate 80 and 2 kg of titanium dioxide, which equals 22.2 kg of 
solids. Given that the total weight of pellets being produced in Example 
4 is 219 kg, the enteric coating represents 10.1% of pellet weight. I 
enclose as Exhibit D relevant pages from the manufacturer's technical 
literature, which shows the disintegration of tablets with different 
thickness of Aquateric. With a 10% coating the disintegration time is 
around 5 minutes in pH 6.8 buffer, implying that drug release from 
Example 4 will be very rapid at the same pH. 

Preparation of active ingredient layer: The objective was to coat non- 
pareil seeds with a layer containing diclofenac sodium, as is disclosed in 
Juch. Example 2 of Juch claims a weight gain of 121%. Therefore a 
similar weight gain would increase the pellet weight from 200 to 442 g. 



Non pareil seeds (500/600 ^im) 200 g 

Diclofenac sodium 260 g 

Purified water 741 mL 

Silicone antifoam emulsion A 2.54 g 

Povidone (Kollidon) 30 25.75 g 

Macrogol (PEG) 400 3 .9 g 



Magnesium stearate 



1-56 g 



(NB all above coating material weights include 30% excess to allow for 
coating losses.) 

The coating was applied using an Aeromatic STREA-1 fluid bed coater 
with the following conditions: 



Drying temperature: 35 - 60° 

Atomisation pressure: 0.6 bar 

Fan speed: 2-3 

Pump speed: 2 



On completion of coating, the seed weight had increased to 436 g (the 
difference between the actual weight gain of 118% and the target weight 
gain of 121% having little practical significance). 

Preparation of membrane layer: The aim was to add the so-called inner 
layer as described in Juch to a weight gain of approximately 18.5%. Due 
to the loss of some seeds, 406 g of seeds were started with and the aim 
was therefore the increase the weight of pellets to 481 g. 



Drug coated seeds 


406 g 


Purified water 


97.5 mL 


Eudragit NE30D 


183.3 g 


Polysorbate 80 


1.33 g 


Povidone (Kollidon) 30 


9.36 g 


Silicone antifoam emulsion A 


0.41 g 


Talc 


22.62 g 



Magnesium stearate 13.65 g 

(NB all above coating material weights include 30% excess to allow for 
coating losses.) 

The coating was applied using the Aeromatic STREA-1 at the following 



conditions: 

Drying temperature: 50°C 

Atomisation pressure: 0.8 bar 

Fan speed: 3-4 

Pump speed 2 



The final weight of pellets obtained was 476 g (the difference between the 
actual weight gain of 17.2% and the target weight gain of 18.5% having 
little practical significance). 

Preparation of film coating layer: The final layer to be applied to the 
seeds was the Juch film coating layer based on Eudragit polymer 
dispersion L 30D. 

The ready-to-use Eudragit L30D aqueous suspension was not available, 
but an equivalent coating mixture was prepared by dispersing the dry 
form of the coating polymer (Eudragit LI 00-5 5) in sodium hydroxide 
solution. A coating mixture prepared from Eudragit LI 00-5 5 has 
identical properties to Eudragit L30D (now called Eudragit L30D-55). 
This fact is evidenced by product literature relating to Eudragit L100-55 
and Eudragit L30D-55 (copies enclosed as Exhibit E). 



The aim was to apply the coating to a weight gain of 19.5% (i.e. increase 
the weight from 450 to 538 g): 



Drug coated seeds 


45U g 


Purified water 


272 mL 


EudragitL100-55 


100 g 


1 M NaOH 


33.3 mL 


Triethyl citrate 


18.75 g 


Silicone antifoam emulsion A 


0.39 g 


Talc 


12.48 g 



(NB all above coating material weights include 30% excess to allow for 
coating losses.) 

The coating was applied using the Aeromatic STREA-1 at the following 



conditions: 

Drying temperature 50°C 

Atomisation pressure: 0.8 bar 

Fan speed: 4 

Pump speed: 1 



The final weight of pellets obtained was 529 g (i.e. a weight gain of 
17.5%). However, during coating some pellets were lost and therefore 
the final weight gain was in fact closer to the required 19.5%. 

A UV calibration curve was established for diclofenac sodium in pH 6.8 
phosphate buffer using a A™ ax of 278 nm. 



16. Six, size 0 hard gelatin capsules (obtained from Capsugel of Colmar, 
France) were filled with 250 mg of coated pellets (approx. 75 mg 
diclofenac sodium), as suggested by Juch (column 8, lines 12 to 20). 

17. Dissolution testing was performed using a VanKel dissolution apparatus 
set at 37°C and fitted with paddles rotating at 50 rpm. Three vessels were 
filled (1000 mL) with pH 6.8 phosphate buffer. 

18. One capsule was dropped into each vessel (without a sinker) and samples 
of dissolution medium were removed at specified time intervals. 

19. The dissolution samples were analysed using a HP diode array 
spectrophotometer set at an analytical wavelength of 278 nm. The UV 
absorbance results obtained were then applied to the calibration equation 
and graphs of % drug released against time plotted (see Figure 1; Exhibit 
F). 

20. As is illustrated in Figure 1, and as taught in Juch, no significant delay in 
drug release from the Juch formulations is observed. Thus, the specific 
formulation from Juch analysed is not capable of providing colon-specific 
drug release in humans. 

21. This is to be contrasted to formulations prepared in accordance with the 
present invention, which show a delay of drug release by 120 minutes or 
more at pH 6.8 (see Figure 6 of the application as filed). 

22. Therefore, because the Juch formulation does not have each element of 
the invention of this application, it does not anticipate it. 

-9- 



Furthermore, for the reasons specified above, the skilled person would not 
be motivated to adapt the teaching of Juch to arrive at something falling 
within the scope of the present claims as there would be absolutely no 
motivation to provide a means that prevented drug release until the 
colonic region is reached. The prevention of release until the colonic 
region is reached would indeed defeat the object of the teaching of Juch, 
which requires release in the upper intestines for the analgesic drug, 
diclofenac to have the desired effect. 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true and further, that these statements were made with the 
knowledge that wilful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such wilful false statements may 
jeopardise the validity of the application or any patent issued thereon. 





Day Month Year 



Signed: Peter Watts, BSc, PhD 



Place: Nottingham, England 
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EDUCATION: 

DATES: INSTITUTION ATTENDED DEGREE AWARDED 

1988-1992 University of Nottingham, PhD 

Department of Pharmacy 

1 984-1 987 University of Aston, Birmingham BSc (Pharmacy), 

1 st Class (Hons) 

PROFESSIONAL EXPERIENCE: 

July 1999 - present Head of Formulation Section, West Pharmaceutical Services 

Feb 1 999 - April 1 999 Formulation Adviser, Danbiosyst 

Jan 1992 - Jan 1999 Formulation Scientist / Head of Formulation Group, Danbiosyst 

PROFESSIONAL MEMBERSHIPS: 

Royal Pharmaceutical Society of Great Britain 

Controlled Release Society 
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PUBLICATIONS: 



Books 

RJ Houghton, LC Feely, EE Sims, PJ Watts and MC Davies, Other types of multiparticulate dosage forms. Ch. 5 in 
"Multiparticulate oral dosage forms: Technology and biopharmaceutics", C Melia, N Washington and CG Wilson (eds), 
Scottish Academic Press, 1994 

Reviewed scientific papers 

WJ Irwin, R MacHale and PJ Watts, Drug delivery by ion-exchange. Part VII. Release of acidic drugs from anionic exchange 
resinate complexes. Drug Dev. Ind. Pharm., 16, 883-898, 1990 

PJ Watts, CD Melia and MC Davies, microencapsulation using emulsification-solvent evaporation: An overview of 
techniques and applications. Crit. Rev. Ther. Drug Carr. Sys., 235-259, 1990 

PJ Watts, MC Davies and CD Melia, Encapsulation of 5-aminosalicylic acid into Eudragit RS microspheres and modulation 
of their release characteristics by use of surfactants. J. Control. Rel., 16, 311-318, 1991 

PJ Watts, A Tudor, SJ Church, PJ Hendra, CD Melia and MC Davies, Fourier Transform Raman Spectroscopy for the 
qualitative and quantitative characterisation of sulfasalazine-containing polymeric microspheres. Phann. Res., 8, 1323-1328, 
1991 

PJ Watts, BP Atkin, CG Wilson, MC Davies and CD Melia, Radiolabelling of polymer microspheres for scintigraphic 
investigations by neutron activation. 1. Incorporation of samarium oxide and effects on the properties of Eduragit 
RS:sulphasalazine microspheres. Int. J. Pharm., 76, 55-59, 1991 

L Barrow, KP Steed, PJ Watts, CD Melia, MC Davies, CG Wilson and RC Spiller, Scintigraphic demonstration of Iactulose- 
induced accelerated proximal colonic transit. Gastroenterology, 103, 1 167-1 173, 1992 

PJ Watts, L Barrow, KP Steed, MC Davies, CD Melia, RC Spiller and CG Wilson, Transit rate of different-sized model 
dosage forms through the colon and the effects of a lactulose-induced catharsis. Int. J. Pharm., 87, 215-221, 1992 

L Barrow, KP Steed, RC Spiller, NA Maskell, JK Brown, PJ Watts, CD Melia, MC Davies and CG Wilson, Quantitative non- 
invasive assessment of antidiarrheal actions of codeine using an experimental model of diarrhea in man. Dig. Dis. Sci., 38, 
996-1003, 1993 

P J Watts, CG Wilson, MC Davies and CD Melia, Radiolabelling of polymer microspheres for scintigraphic investigations by 
neutron activation. 2. Effects of irradiation on the properties of Eudragit RS-sulphasalazine microspheres. Int. J. Pharm., 98, 
63-73, 1993 

PJ Watts, CG Wilson, MC Davies and CD Melia, Radiolabelling of polymer microspheres for scintigraphic investigations by 
neutron activation. 3. Samarium oxide incorporation changes physical properties of sulphapyridine-Eudragit RS 
microspheres. Int J. Pharm., 98 75-82, 1993 

PJ Watts, CG Wilson, MC Davies and CD Melia, Radiolabelling of polymer microspheres for scintigraphic investigations by 
neutron activation. 4. A pharmacoscintigraphic evaluation of colon-targeted sulphapyridine-Eudragit RS microspheres in 
man. Int. J. Pharm., 102-108, 1994 

JL Richardson, J Whetstone, AN Fisher, P Watts, NF Farraj, M Hinchcliffe, L Benedetti and L Ilium, Gamma scintigraphy as 
a novel method to study the distribution and retention of a bioadhesive vaginal delivery system in sheep. J. Control. Rel., 42, 
133-142, 1996 

PJ Watts and L Ilium, Colonic Drug Delivery. Drug Dev. InA Pharm., 23, 893-913, 1997 

N Washington, P Ridley, C Thomas, RC Spiller, PJ Watts and CG Wilson, Mebeverine decreases mass movements and stool 
frequency in lactulose-induced diarrhoea. Aliment Pharmacol. Hier., 12, 583-588, 1998 
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I Jabbal-Gill, W Lin, P Jenkins, P Watts, M Jimenez, L Ilium, SS Davis, JM Wood, D Major, PD Minor, X Li, EC Lavelle 
and AGA Coombes, Potential of polymeric lamellar substrate particles (PLSP) as adjuvants for vaccines. Vaccine, 18, 238- 
250, 2000 

L Ilium, P Watts, AN Fisher, I Jabbal-Gill and SS Davis, Novel chitosan-based delivery systems for nasal administration of 
goserelin, STP Pharma (in press) 



Conference abstracts 

PJ Watts, MC Davies and CD Melia, Effects of surfactant on the structure and drug release characteristics of Eudragit RS 
microspheres produced by the solvent evaporation process. Proceed. Intern. Symp. Control. Rel. Bioact. Mater., 17, 240-241, 
1990 

PJ Watts, KP Steed, L Barrow, MC Davies, CD Melia, RC Spiller and CG Wilson, Effect of lactulose on the transit rate of 
particles through the colon. Proceed. Intern. Symp. Control. Rel. Bioact. Mater., 17, 140-141, 1990 

PJ Watts, A Tudor, MC Davies, P Hendra and CD Melia, Quantification of sulphasalazine in polymer microspheres using 
FT-Raman spectroscopy. J. Pharm. Pharmacol., 42, 112P, 1990 

) PJ Watts, CD Melia, CG Wilson and MC Davies, Neutron activation of drug-polymer microspheres containing samarium 
oxide. Proceed. Intern. Symp. Control. Rel. Bioact. Mater., 18, 153-154, 1991 

PJ Watts, RAP Lynn, JF Watts, CD Melia and MC Davies, Surface characterisation of Eudragit RS-sulphasalazine 
microspheres using x-ray photoelectron spectroscopy (XPS). J. Pharm. Pharmacol., 42, 27P, 1991 

KP Steed, PJ Watts, L Barrow, PE Blackshaw, CD Melia, MC Davies, CG Wilson and RC Spiller, Colonic streaming? Effect 
of particle size on colonic transit during lactulose-induced catharsis. Gut, 31, A617, 1990 

KP Steed, PJ Watts, L Barrow, CD Melia, MC Davies, CG Wilson and RC Spiller, Reservoir function of the colon 
demonstrated scintigraphically: Effect of lactulose. Gastroenterology^ 100, A418, 1991 

L Barrow, KP Steed, PJ Watts, CD Melia, MC Davies, CG Wilson and RC Spiller, Alteration of the viscosity in the 
ascending colon by different dietary substances: Effect on lactulose-induced colonic transit, Gut, 32, A562, 1991 

L Barrow, KP Steed, PJ Watts, CD Melia, MC Davies, CG Wilson, L Rovati and RC Spiller, Accelerated proximal colonic 
transit in irritable bowel syndrome: A pilot study on the effect of a CCK antagonist (loxighimide). Gastroenterology, 100, 
A418, 1991 

PJ Watts, N Farraj, L Ilium, A Perkins and E Cole, Coated starch capsule formulation (TARGIT) for colon-targeted drug 
■ delivery. Poster at inaugural meeting of UK CRS, Nottingham, 1995 

PJ Watts, AN Fisher, I Gill, M Hinchcliffe and L Ilium, Absorption of goserelin by the vaginal route in sheep. Presented at 
AAPS annual meeting, San Francisco, 1998 

PJ Watts, AN Fisher, I Gill, M Hinchcliffe and L Ilium, Improved nasal absorption of goserelin by means of chitosan liquid 
and powder delivery systems. Presented at AAPS annual meeting, San Francisco, 1998 

Y-H Cheng, P Watts, R Nankervis, O Gill, L Ilium and SS Davis, Preparation of insulin-loaded chitosan/gelatin microspheres 
without using a cross-linking agent, Proceed. Intern. Symp. Control. Rel. Bioact Mater., 27, 327-328, 2000 

M Hinchcliffe, Y Cheng, P Watts, R Hotchkiss, R Nankervis, A Smith, SS Davis and L Ilium, Development and evaluation 
of a novel nasal formulation of nicotine. Presented at AAPS annual meeting, Indianapolis, 2000 
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(57) Abstract 

A colonic drug 
delivery composition is 
provided and comprises a 
starch capsule containing 
a drug, the starch capsule 
being provided with a 
coating such that the drug 
will only be released from 
the capsule in the colon. 
The coating may be a 
pH-sensitive materia], a 
redox-sensitive material or 
material broken down 
by specific enzymes or 
bacteria present in the 
colon. The drug to be 
delivered may be one for 
local action in the colon, 
or a systemically active 
drug to be absorbed from 
the colon. 



C 

o 




60 120 180 240 
Time (min) 



t ■ 1 . 1 

300 360 420 



UNIQUEMENT A TITRE D INFORMATION 



Codes utilises pour identifier Ies Etats parties au PCT, sur les pages de couverture des brochures publiant 
des demandes internationales en vertu du PCT. 



AT 


Autriche 


GB 


Royaume-Uni 


MR 


Mauri tanie 


AU 


Australie 


GE 


Ce'orgie 


. MW 


Malawi 


BB 


Barbade 


GN 


Guintfe 


NE 


Niger 


BE 


Belgique 


GR 


Grece , 


NL 


Pays-Bas 


BF 


Burkina Faso 


HU 


Hongrie 


NO 


Norvege 


BG 


Bulgaric 


IE 


trlande 


NZ 


Nouvelle-Z61ande 


BJ 


B£nin 


IT 


Italie 


PL 


. Pologne 


BR 


Brlsil 


JP 


Japon 


PT 


PonugaJ 


BY 


B61arus 


KE 


Kenya 


RO 


Roumanie 


CA 


Canada 


KG 


Kirghiz isian 


RU 


Federation de Russie 


CF 


R6publique centrafricaftie 


KP 


Re*pub!kjue popuJaire democratique 


SO 


Soudan 


CC 


Congo 




de Coree 


SE 


Suede 


CH 


Suisse 


KR 


Re*publique de Confe 


SI 


Slovdnie 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovaquie 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


Chine 


LK 


Sri Lanka 


TD 


Tchad 


CS 


Tcheeoslovaquie 


LU 


Luxembourg . 


TG 


Togo 


C2 


R6publique (cheque 


LV 


Letionie 


TJ 


Tadjikistan 


DE 


Allemagne 


MC 


Monaco 


TT 


Trinit6-et-Tobago 


DK 


Danemark 


MD 


RCpublique de Moldova 


UA 


Ukraine 


ES 


Espagne 


MC 


Madagascar 


US 


Etais-Unis d'Amenque 


FI 


Fmlande 


ML 


Mali 


uz 


Ouzbekistan 


FR 


France 


MN 


Mongol ie 


VN 


Viet Nam 


CA 


Gabon 











t 



WO 95/35100 



PCT/GB95/01458 



10 



COLONIC DRUG DELIVERY COMPOSITION 

The present invention relates to a drug delivery composition for delivering 
a drug to the colon. 

There is currently considerable interest in the development of 
pharmaceutical formulations which are capable of selective delivery of 
drugs into the colon. Site specific delivery to the colon can have two 
major advantages for the development of pharmaceutical products: 



1. Treatment of local conditions: colonic diseases which may benefit 
from selective delivery of drug include Crohns disease and ulcerative 
colitis, where established therapies include corticosteroids and mesalazine 
(5-aminosaIicylic acid), irritable bowel syndrome (anti-motility drugs, 

15 antiinflammatories), spastic colon (anticholinergics), constipation 
(laxatives) and colon cancer (antineoplastics). 

2. Improved absorption of difficult drugs: the products of 
biotechnology, such as peptides and proteins and carbohydrate drugs, are 

20 difficult to deliver except by injection. The ability to deliver such 
compounds orally can be of great importance. The colon is often 
identified as a preferred site because of slow transit, low volume and a 
lack of vigorous stirring, leading to an ability to create local conditions 
favourable to stabilisation and absorption enhancement, and a lack of 

25 digestive enzymes (proteases). 

There are a number of technologies, both marketed and in development, 
that are claimed to provide colon specific delivery of drugs. 

30 Two devices in which drug release is claimed to be entirely time- 
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dependent include the Pulsincap™ (WO 90/09168) and the Time Clock 
Release System™ (Pozzi et al.. APV course on Pulsatile Drug Delivery, 
Konigswinter, May 20, 1992). 

5 Site-specific delivery into the colon can also be achieved by the use of 
coating materials that are specifically degraded in the colonic environment 
by the action of microorganisms and/or the reductive environment found 

, , there. Such materials include but are not limited to azopolymers and 
disulphide polymers (PCT BE9 1/00006), amylose (Milojevic et al, Proc. 
10 Int. Symp. Contr. Rel. Bioact. Mater., 20, 288, 1993), calcium pectinate 
(Rubenstein et ah, Pharm. Res., 10, 258-263, 1993) chondroitin sulphate 
(Rubenstein et al., Pharm. Res., 9, 276-278, 1992), and modified guar 
gum (Rubenstein and Gliko-Kabir, S.T.P. Pharma Sciences 5, 41-46, 
1995). 

15 

Site-specific delivery into the small intestine has been achieved for many 
years by the use of pH-sensitive (enteric) coatings. By applying more 
coating and/or raising the threshold pH at which dissolution of the coating 
begins, it is possible to achieve colon-specific delivery by the use of 

20 enteric polymers. Tablets containing mesalazine and coated with Eudragit 
S100, which dissolves above pH 7, are marketed in a number of countries 
(Asacol™, SmithKIine Beecham in UK). Although this formulation is 
generally successful in achieving site-specific delivery of 5-ASA, failure 
of the coating to dissolve has been reported, with patients observing intact 

25 tablets in their stools (Schroeder et al.. New Engl. J. Med., 3T7, 1625- 
1629, 1987). Mesalazine tablets coated with Eudragit L100, which 
dissolves above pH 6, are also commercially available (e.g. Claversal™ 
and Salofalk™). A scintigraphic assessment indicated that in a group of 
thirteen patients more than 70% of administered Claversal tablets 

30 disintegrated in the lower small intestine, on average 3.2 h after gastric 
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emptying (Hardy et al., Aliment. Pharmacol. Therap., I, 273-380, 1987). 
Although enteric coatings are one of the simplest technologies available 
for colon-specific delivery, they also offer an advantage in terms of cost 
and ease of manufacture. 

5 

Coated dosage forms for colonic delivery are almost exclusively based on 
tablets. However, there are circumstances in which it would be beneficial 

-V to use a coated capsule formulation e.g. where the material to be delivered 
is a liquid, or is sensitive to compression. The known capsules are 

10 typically made from gelatin. Although it is possible to coat hard gelatin 
capsules, there are a considerable number of drawbacks with such a 
product. In particular, the capsule shell becomes brittle during coating or 
on long term storage. Furthermore, the smooth surface of the gelatin shell 
results in poor adhesion of the coating, there is a risk of the coat cracking 

15 on handling the capsule, and there is an interaction of the coating with the 
gelatin shell resulting in changed dissolution performance on long term 
storage. For these reasons an enteric capsule has not been an obvious 
choice if an enteric drug delivery device has to be selected. 

20 Surprisingly we have now discovered that the drawbacks of the gelatin 
capsules and the general prejudice of capsules being unsuitable for enteric 
coating for colon delivery can be minimised by the use of injection 
moulded starch capsules. 

25 The invention therefore provides a drug delivery composition for 
delivering a drug to the colonic region comprising a starch capsule 
containing the drug and wherein the starch capsule is provided with a 
coating such that the drug is predominantly released from the capsule in 
the colon and/or terminal ileum. 

30 
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Preferably, substantially all of the drug is released in the terminal ileum 
and/or the colon. 

The term "starch" is used to include modified starches and starch 
5 derivatives. The starches used should be of food or pharmaceutical 
quality. 

By the term "derivatives" we particularly mean ester and ethers of the 
parent compound that can be unfunctionalised or functionalised to contain, 
10 for example, ionic groupings. 

Suitable starch derivatives include hydroxyethyl starch, hydroxypropyl 
starch, carboxymethyl starch, cationic starch, acetylated starch, 
phosphorylated starch, succinate derivatives or starch and grafted starches. 
15 Such starch derivatives are well known and described in the art (for 
example Modified Starches: Properties and Uses, O.B. Wurzburg, CRC 
Press Boca Raton (1986)). 

The starch capsules are solid oral dosage forms in which a drug is 
20 enclosed in a starch container, which disintegrates in contact with water. 
The capsules may also contain dyes, opaquing agents such as titanium 
dioxide, dispersing agents and mould releasing agents. The capsules 
typically also contain between 12% and 16% of water 

25 The capsules are made using an injection moulding process. They 
comprise two components, a body and a cap. The body is filled with the 
drug to be delivered and the cap is then attached and sealed. Unlike 
gelatin capsules, there is no overlap between the body and the cap of the 
starch capsule and this allows for easy application of the coating. The 

30 method of making the starch capsules is well known in the art, and 
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capsules and their method of manufacture described in EP-A-1 1 8240, WO- 
90/05161, EP-A-0304401, WO-92/04408 or GB-2 187703 can be used. 

The composition of the coating should be optimised to maximise 
5 disintegration of the coating within the colon whilst minimising the 
possibility of the coated capsules passing through the gastrointestinal tract 
intact. 

Any coating can be used which ensures that the capsule does not break-up 
10 and release the drug until it is in the colon. The coating may be one 
which is pH-sensitive, redox-sensitive or sensitive to particular enzymes 
or bacteria, such that the coating only dissolves or finishes dissolving in 
the colon. Thus the capsules will not release the drug until it is in the 
colon. 

15 

The thickness of the coating will typically be in the range 80^m to 
300/xm. The thickness of the particular coating used will be chosen 
according to the mechanism by which the coating is dissolved. 

20 Preferred coating materials are those which dissolve at a pH of 5 or 
above. The coatings therefore only begin to dissolve when they have left 
the stomach and entered the small intestine. A thick layer of coating is 
provided which will dissolve in about 3-4 hours thereby allowing the 
capsule underneath to breakup only when it has reached the terminal ileum 

25 or the colon. Such a coating can be made from a variety of polymers 
such as cellulose acetate trimellitate (CAT), hydroxypropylmethyl cellulose 
phthalate (HPMCP), polyvinyl acetate phthalate (PVAP), cellulose acetate 
phthalate (CAP) and shellac as described by Healy in his article "Enteric 
Coatings and Delayed Release" Chapter 7 in Drug Delivery to the 

30 Gastrointestinal Tract, editors Hardy et al., Ellis Horwood, Chichester, 
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1989. For coatings of cellulose esters, a thickness of 200-250jzm would 
be suitable. 

Especially preferred materials are methyl methacrylates or copolymers of 
5 methacrylic acid and methylmethacrylate. Such materials are available as 
Eudragit polymers (trademark) (Rohm Pharma, Darmstadt, Germany). 
Eudragits are copolymers of methacrylic acid and methylmethacrylate. 
Preferred compositions are based on Eudragit LI 00 and Eudragit SI 00. 
Eudragit LI 00 dissolves at pH 6 and upwards and comprises 48.3% 

10 methacrylic acid units per g dry substance; Eudragit-SlOO dissolves at pH 
7 and upwards and comprises 29.2% methacrylic acid units per g dry 
substance. Preferred coating compositions are based on Eudragit L100 
and Eudragit S100 in the range 100 parts L100:0 parts S100 to 20 parts 
L100:80 parts S100. The most preferable range is 70 parts L100:30 parts 

15 S100 to 80 parts L100:20 parts S100. As the pH at which the coating 
begins to dissolve increases, the thickness necessary to achieve colon 
specific delivery decreases. For formulations where the ratio of Eudragit 
L100:S100 is high, a coat thickness of the order 150-200 fim is preferable. 
This is equivalent to 70-1 lOmg of coating for a size 0 capsule. For 

20 coatings where the ratio Eudragit L100:S100 is low, a coat thickness of 
Jhe order 80-120 jim is preferable, equivalent to 30 to 60mg coating for 
a size 0 capsule. 

The colonic region has a high presence of microbial anaerobic organisms 
25 providing reducing conditions. Thus the coating may suitably comprise 
a material which is redox-sensitive. Such coatings may comprise 
azopolymers which can for example consist of a random copolymer of 
styrene and hydroxyethyl methacrylate, cross-linked with 
divinylazobenzene synthesized by free radical polymerization, the 
30 azopolymer being broken down enzymatically and specifically in the 
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colon, or disulphide polymers (see PCT/BE9 1/00006 and Van den 
Mooter, Int. J. Pharm. 87, 37, 1992). 

Other materials which providing release in the colon are amylose, for 
5 example a coating composition can be prepared by mixing amylose-butan- 
l-ol complex (glassy amylose) with Ethocel aqueous dispersion (Milojevic 
eial., Proc. Int. Symp. Contr. Rel. Bioact. Mater. 20, 288, 1993), or a 
coating formulation comprising an inner coating of glassy amylose and an 
outer coating of cellulose or acrylic polymer material (Allwood et al GB 

10 9025373.3), calcium pectinate (Rubenstein et at., Pharm. Res., 10, 258, 
1993) pectin, a polysaccharide which is totally degraded by colonic 
bacterial enzymes (Ashford et a/., Br Pharm. Conference, 1992, Abstract 
13), chondroitin sulphate (Rubenstein et at., Pharm. Res. 9, 276, 1992) 
and resistant starches (Allwood et at., PCT WO 89/1 1269, 1989), dextran 

15 hydrogels (Hovgaard and Brondsted, 3rd Eur. Symp. Control. Drug Del., 
Abstract Book, 1994, 87) modified guar gum such as borax modified guar 
gum (Rubenstein and Gliko-Kabir, S.T.P. Pharma Sciences 5, 41-46, 
1995), j3-cyclodextrin (Sie ke et at., Eu. J. Pharm. Biopharm. 40 (suppl), 
335, 1994), saccharide containing polymers, by which we include a 

20 polymeric construct comprising a synthetic oligosaccharide-containing 
biopolymer including methacrylic polymers covalently coupled to 
oligosaccharides such as cellobiose, lactulose, raffinose, and stachyose, or 
saccharide-containing natural polymers including modified 
mucopolysaccharides such as cross-linked chondroitin sulfate and metal 

25 pectin salts, for example calcium pectate (Sintov and Rubenstein 
PCT/US91/030I4); methacrylate-galactomannan (Lehmann and Dreher, 
Proc. Int. Symp. Control. Rel. Bioact. Maier. 18, 331, 1991) and pH- 
sensitive hydrogels (Kopecek et at., J. Control. Rel. 19, 121, 1992). 
Resistant starches, eg glassy amylose, are starches that are not broken 

30 down by the enzymes in the upper gastrointestinal tract but are degraded 
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by enzymes in the colon. 

The drug which is contained in the capsule may be any pharmaceutically 
or therapeutically active agent. The term "drug" is used herein to include 
5 any active agent that can have its effect locally or in the body after 
systemic absorption into the circulation or transport via the lymphatic 
system. The term also includes antigens and allergens for use as vaccine 
as well as DNA for use in gene therapy. 

10 The starch capsules are especially advantageous -over gelatin capsules 
because they can be filled with drug in any form including liquids, 
powders, pellets and mini-tablets. 

The drug may be one which is locally acting in the colonic region to treat 
15 a colon disease such as irritable bowel syndrome, irritable bowel disease, 
crohns disease, constipation, post operative atony, gastrointestinal 
infections and for delivery of an antigenic material to the lymphoid tissue. 
Such drugs include those for the treatment of colon disease, for example, 
5-ASA; steroids such as hydrocortisone, budesonide; laxatives; octreotide; 
20 cisapride; anticholinergics: opioids; calcium channel blockers, DNA for 
delivery to the cells of the colon, glucosamine, thromboxane A 2 synthetase 
inhibitor such as Ridogrel, 5HT3-antagonists such as ondansetron, 
antibodies against infectioneous bacteriae such as clostriduim defficle. 

25 The composition can also be used for delivery of an antiviral agent for 
example the prophylaxis of HIV. 

Alternatively, the drug may be one which is systemically active and for 
which absorption may be improved in the colon region. Such drugs 
30 include polar compounds such as: heparins; insulin; calcitonins; human 

8 
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growth hormone (hGH) growth hormone releasing hormone (GHRH); 
interferons; somatostatin and analogues such as octreotide and vapreotide; 
erythropoietin (EPO); granulocyte colony stimulating factor (G-CSF); 
parathyroid hormone (PTH); luteinising hormone releasing hormone 
5 (LHRH) and analogues; atrial natriuretic factor (ANF); vasopressin, 
desmopressin, calcitonin gene related peptide (CGRP) and analgesics such 
as morphine. 

The composition can also be used for delivery of DNA either as a vaccine 
10 or for therapeutic purposes where a drug is expressed for local or systemic 
effect. 

The drug delivery composition of the invention may also be used for once- 
daily administration of drugs such as: captopril; alfiizosine; 
15 bisphosphonates such as clodronate; carbamazepine; atenolol; benazepril. 
The colon may also be a useful place to delivery drugs to alter their 
metabolism, such as raloxifene and benazepril. 

The starch capsules of the present invention are cheap and easy to 
20 manufacture, fill and coat. They have been found to provide colon- 
specific delivery in a reliable manner. The starch capsules have been 
found to give good adhesion of the coating and their high density enables 
a good tumbling action. Aqueous coating is possible and the capsule walls 
have high mechanical strength and are non-flexible. Unlike gelatin 
25 capsules, the starch capsules are not brittle and this is particularly 
advantageous. 

A further additional advantage of the use of a starch capsule is that the 
starch when released in the colonic environment will provide enhanced 
30 stabilisation of a peptide or protein drug. 

9 
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It is know (Smith et aL, Gastroenterology, 108 (suppl), 1995, A753) that 
the delivery of starch into the colon at a quantity of 10 mg/ml can lead to 
the reduced degradation of polypeptides. For the present invention the 
capsule comprises about 400 mg of starch. This will be delivered into a 
5 volume of about 50 ml leading to a starch concentration effective for 
polypeptide stabilisation. 

Preferred embodiments of the invention will now be described in the 
following examples and with reference to the accompanying drawings in 
10 which: 

Figure 1 shows the release profile of naproxen from various 
Eudragit coated starch capsules; 

Figure 2 shows the dissolution performance of coated starch 
capsules containing 5-ASA; and 
15 Figure 3 shows the plasma concentration of acetyl-5-ASA following 

administration of 5-ASA in uncoated and coated starch capsule 
formulations. 



20 



Examples 



Example 1 

Starch capsules were filled with a blend comprising (by weight) 20% 
naproxen sodium, 75% spray-dried lactose and 5% Ac-Di-Sol. The mean 
capsule fill weight was 390mg. Capsules were coated with a solution 
25 comprising 20g of hydroxypropyl methylcellulose (HPMC) (Methocel 
E5M), 2g of triacetin and 200ml of water. Coating was performed using 
an Aeromatic STREA-1 fluid bed coater with bottom spray gun. The 
mean amount of HPMC applied to each capsule was 25mg. 

30 39g of Eudragit LI 00 and 13g of Eudragit SI 00 were dissolved in a 

10 
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mixture of 650ml of isopropanol and 20ml of water. lOg of dibutyl 
phthalate was mixed into the Eudragit solution. Finally, lOg of talc was 
carefully mixed into a paste using 100ml of isopropanoL The 
isopropanol/talc dispersion was added to the solution containing the 

5 Eudragits and plasticiser. The coating solution was applied to the HPMC- 
coated starch capsules using the Aeromatic STREA-1 fluid bed coater. 
The capsules were coated to a mean weight gain of 73 mg and 99mg of 

.'. Eudragit coating per capsule. 

10 The dissolution performance of the capsules coatedwith HPMC/Eudragit 
was tested using the USP Method I (baskets rotating at 50rpm). For the 
first 2h of the test, 0. 1M HC 1 was used as the test medium. After 2h, the 
test medium was changed to 0.05M phosphate buffer, pH 6.8. Samples 
were withdrawn at regular intervals from the dissolution vessels and the 

15 appearance of naproxen sodium was monitored spectrophotometrically. 

Results from the dissolution test are presented in Figure 1. Capsules 
having 73mg of Eudragit coating resisted drug release for a period of 2h 
in acid followed by 90 minutes in pH 6.8 buffer. Capsules having 99mg 
20 of Eudragit coating resisted drug release for a period of 2h in acid 
followed by 120 mins in pH 6.8 buffer. 

Example 2 

Starch capsules were filled with a blend comprising (by weight) 20% 
25 naproxen sodium, 75% spray-dried lactose and 5% Ac-Di-Sol. The mean 
capsule fill weight was 390mg. Capsules were coated with a solution 
comprising 20g of hydroxypropyl methylcellulose (Methocel E5M), 2g of 
triacetin and 200ml of water. Coating was performed using an Aeromatic 
STREA-1 fluid bed coater with bottom spray gun. The mean amount of 
30 HPMC applied to each capsule was 25mg. 

11 
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The enteric coating was based on cellulose acetate phthalate (CAP, 
Eastman Chemicals, Kingsport, TN). 70g of CAP was dissolved in a 
mixture of 350ml of acetone and 350nil of ethanol. 17.5g of diethyl 
phthalate (plasticiser) was mixed into the CAP solution. The coating 
5 solution was applied to the HPMC-coated starch capsules using the 
Aeromatic STREA-1 fluid bed coater. 

The dissolution performance of the capsules coated with HPMC/CAP was 
tested using the USP Method I (Baskets rotating at 50rpm). For the first 
10 2h of the test, 0.1M HC1 was used as the test medium. After 2h, the test 
medium was changed to 0.05M phosphate buffer, pH 6.8. Samples were 
withdrawn at regular intervals from the dissolution vessels and the 
appearance of naproxen sodium was monitored spectrophotometrically. 

15 Capsules having 1 lOmg of CAP coating resisted drug release for a period 
of 2h in acid followed by 2h in pH 6.8 buffer. Thereafter, the capsules 
began to release naproxen sodium. 

Example 3 

20 Starch capsules were filled with a blend comprising (by weight) 94.2% 
spray-dried lactose, 3.33% samarium oxide and 2.5% Ac-Di-Sol. The 
mean capsule fill weight was 430mg. Capsules were coated with a 
solution comprising 20g of hydroxypropyl methylcellulose (Methocel 
E5M), 2g of PEG 400 and 200ml of water. Coating was performed using 

25 an Aeromatic STREA-1 fluid bed coater with bottom spray gun. The 
mean amount of HPMC applied to each capsule was 31mg. 

39g of Eudragit LI 00 and 13g of Eudragit SI 00 were dissolved in a 
mixture of 650ml of isopropanol and 20ml of water. lOg of dibutyl 
30 phthalate was mixed into the Eudragit solution. Finally, lOg of talc was 

12 
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carefully mixed into a paste using 100ml of isopropanol. The 
isopropanol/talc dispersion was added to the solution containing the 
Eudragits and plasticiser. The coating solution was applied using the 
Aeromatic STREA-1 fluid bed coater. The capsules coated with HPMC 
5 were coated with the Eudragit solution to a mean weight gain of 89mg per 
capsule. 

- The dissolution performance of the capsules coated with HPMC/Eudragit 
was tested using the USP Method I (baskets rotating at 50rpm). For the 

10 first 2h of the test, 0. 1M HC1 was used as the test medium. After 2h, the 
test medium was changed to 0.05M phosphate buffer, pH 6.8. The 
dissolution vessels were visually inspected at regular intervals for the 
appearance of starch residue, which would indicate failure of the coating. 
The capsules remained intact after the 2h incubation in acid. Coat failure 

15 commenced after a period of 2h 40 mins in pH 6.8 buffer. 

The in vivo performance of these capsules was assessed in a group of 9 
healthy human subjects (5 male, 4 female, mean age 66 yrs). Capsules 
were neutron-irradiated to generate the gamma isotope, l53 samarium oxide. 
20 One of the radiolabeled capsules was administered to each of the 9 
subjects. The passage of the capsules through the gastrointestinal tract 
was monitored externally using a gamma camera. The time of 
disintegration and the point in the GI tract where disintegration 
commenced was determined. 

25 

All capsules were found to disintegrate in the colonic region. One capsule 
disintegrated at the ileo-caecal junction, two disintegrated in the ascending 
colon, two disintegrated at the hepatic flexure, two disintegrated in the 
transverse colon, one disintegrated at the splenic flexure and one 
30 disintegrated in the descending colon. The mean disintegration time after 

13 



WO 95/35100 



PCT/GB95/01458 



the capsules had left the stomach was 6.0 hours (see Table 1). 



5 



30 



35 



Table 1 

In vivo performance of enteric-coated starch capsules 

Subject Position Disintegration time (hours) 

of disintegration Post dose Post gastric emptying 



1 Ascending colon 4.7 4.2 

lt> 2 Splenic flexure 6.4 5.9 

3 Descending colon 8.8 8.3 

4 Transverse colon 7.0 6.5 

5 Hepatic flexure 6.7 6.2 

6 Ileo-caecal junction 5.3 5.0 
15 7 Transverse colon 8.7 8.3 

8 Hepatic flexure 5.0 2.5 

9 Ascending/transverse colon 7.3 6.8 

Mean 6.0 

20 Std. dev. 1.9 



Example 4 

Hard gelatin capsules were filled with a blend comprising (by weight) 
96% microcrystalline cellulose and 4% samarium oxide. The mean 
25 capsule fill weight was 240mg. The capsule lid and body were sealed 
together by the application of a thin layer of gelatin solution to the join. 
Capsules were coated with hydroxypropyl methylcellulose and then with 
the mixed Eudragit formulation, as described in Example 3. The mean 
weight of Eudragit coating applied to each capsule was 58mg. 



The dissolution performance of the coated capsules was tested under the 
conditions detailed in Example 3. The capsules remained intact after the 
2h incubation in acid. Coat failure commenced after a period of 70 mins 
in pM 6.8 buffer. 
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The capsules were neutron-irradiated and administered to the same group 
of nine individuals as in Example 3 as part of a cross-over study. Seven 
out of nine capsules disintegrated in the colon. The two remaining 
capsules disintegrated in the small intestine. The mean disintegration time 
5 after the capsules had left the stomach was 3.0 hours (see Table 2). 

Compared to the starch capsules given in Example 3, the time to 
disintegration of the gelatin capsules was shorter, which reflected the 
smaller amount of Eudragit coating applied. However, the variability in 
10 disintegration time post-gastric emptying was greater for the gelatin 
capsules (coefficient of variation = 46.7%) compared to the starch 
capsules (coefficient of variation 31.7%). 

Table 2 

15 In vivo performance of enteric-coated hard gelatin capsules 

Subject Position Disintegration time (hours) 

of disintegration Post dose Post gastric emptying 



1 


Ascending/transverse colon 


5.4 


4.3 


2 


, Descending colon 


5.0 


4.4 


3 


Ascending colon 


4.3 


3.8 


4 


Ascending colon 


6.0 


3.5 


5 


Descending colon 


10.5 


4.2 


6 


Ascending colon 


3.3 


2.8 


7 


Small intestine 


1.0 


0.5 


8 


Hepatic flexure 


4.3 


1.3 


9 


Small intestine 


3.0 


2.5 






Mean 


3.0 






Std. dev. 


1.4 



Example 5 

Starch capsules were prepared each containing 300mg of 5-amino salicylic 
. acid (5-ASA) ? 100 mg of lactose, and 20 mg of samarium oxide. 5-ASA 



15 



WO 95/35100 



PCT/GB95/01458 



is well absorbed from the upper intestine resulting in undesirable side 
effects but poorly absorbed from the colon where it has topical 
antiinflammatory activity. Thus colon targeted dosage forms are the 
formulation of choice for this drug. Some of the capules were coated, 
5 using an Aeromatic STREA-1 , with 40 mg of HPMC subcoat and 93 mg 
of the Eudragit LIS coating of the composition described in Example 3. 
The dissolution performance of the coated capsules is shown in Figure 2. 
The capsules resisted drug release for 2 h in acid followed by 90 minutes 
in pH 6.8 buffer. 

10 

The in vivo performance of the coated and uncoated capsules was assessed 
in a two-way cross-over study in a group of 8 volunteers (5 male, 3 
female, mean age 64 years). Capsules were neutron-irradiated to generate 
the gamma isotope ,53 samarium oxide. On each occasion, one of the 

15 radiolabeled capsules was administered to each of the 8 subjects. The 
passage of the capsules through the gastrointestinal tract was monitored 
externally using a gamma camera. Plasma samples were collected at 
frequent intervals and assayed for acetyl-5-ASA content. All of the 
uncoated capsules disintegrated in the stomach and small intestine within 

20 30-minutes of dosing. In 2 of the 8 subjects disintegration of the coated 
capsules commenced in the lower small intestine. In the remaining 
subjects, distegration commenced in the ileocaecal junction or ascending 
colon. Mean concentration vs. time profiles for the two formulations are 
shown in Figure 3. With the uncoated formulation there was rapid 

25 absorption of 5- AS A. With the coated formulation, no drug was detected 
in plasma until 4-6 hours after dosing. The peak plasma level was very 
much lower with coated formulation indicating selective delivery of 5-ASA 
into the distal intestines. 
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Example 6 

Starch and hard gelatin capsules were filled with a powder blend 
comprising 6% w/w paracetamol and 94% w/w microcrystalline cellulose. 
Paracetamol was used as a model drug. The starch and hard gelatin 
5 capsules were subcoated with a layer of HPMC and overcoated with the 
Eudragit L/S mixture (as described in Example 3). The dissolution 
performance of six starch capsules and six gelatin capsules was measured 
- . using the test procedure described in Example 3, with dissolution medium 
being assayed for paracetamol content using UV spectrophotometry. The 

10 capsules were blister-packed using a PVC/PVdC laminate and stored at a 
temperature of 40°C and relative humidity of 75% for a period of 6 
months. After 6 months, the dissolution performance of the capsules was 
retested. The mean time for 50% paracetamol release from the capsules 
was calculated from the dissolution data. The results are recorded in 

15 Table 3. 

Formulation Time for 50% drug release (mean + SD. n=6 

At start After 6 months at40%C/75% RH 

Blister-packed gelatin 203 ± 5 min 292 + 13 min 

20 Blister-packed starch 317± 30 min 351 ±35 min 

For the gelatin capsules, there was a large (44%) and statistically 
signficant increase (p<0.05, Student's t-test) in the time for 50% drug 
release. Although there was an increase in the time for 50% release for 

25 the starch capsules, it was smaller in magnitude (11%) and was not 
statistically significant. The results from this accelerated stability study 
indicated a significant change in dissolution performance for the coated 
hard gelatin capsules. Coated starch capsules stored under the same 
conditions did not show any change in dissolution performance. It was 

30 noted that the coated hard gelatin capsules had become more brittle after 

17 
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storage and the coating detached extremely easily from the capsule shell. 
Such physical changes were not apparent for the coated starch capsules. 
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CLAIMS 

1 . A drug delivery composition for delivering a drug to the colonic 
region comprising a starch capsule containing the drug and wherein the 

5 starch capsule is provided with a coating such that the drug is 
predominantly released from the capsule in the colon and/or terminal 
ileum. 

2. , A drug delivery composition according to claim 1 wherein the 
10 coating comprises a material which dissolves at a pH of 5 or above. 

3. A drug delivery composition according to claim 1 wherein the 
coating comprises a material which is redox-sensitive. 

15 4. A drug delivery composition according to claim 3 wherein the 

coating comprises an azopolymer or a disulphide polymer. 

5. A drug delivery composition according to claim 1 wherein the 
coating comprises a material which is degraded by enzymes or bacteria 

20 present in the colon. 

6. A drug delivery composition according to claim 2 wherein the 
coating comprises methylmethacrylate or a copolymer of methacrylic acid 
and methyl methacrylate. 

25 

7. A drug delivery composition according to claim 2 wherein the 
coating comprises a cellulose ester. 

8. A drug delivery composition according to any one of the 
30 preceding claims wherein the coating has a thickness in the range of 
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80 fim to 300 fxm. 

9. A drug delivery according to any one of the preceding claims 
wherein the drug is one which acts locally in the colon. 

5 

10. A drug delivery composition according to any one of claims 1 
to 8 wherein the drug is for systemic delivery and systemic action. 

11. A drug delivery composition according to any one of claims 1 
10 to 8 wherein the drug is a vaccine for delivery to the lymphoid tissue of 

the colon. 

12. A method of delivering a drug to the colonic region of a human 
or mammal comprising orally administering a drug delivery composition 

15 comprising a starch capsule containing the drug and wherein the starch 
capsule is provided with a coating such that the drug is predominantly 
released from the capsule in the colon and/or terminal ileum. 

13. A method of delivering a vaccine to the lymphoid tissue present 
20 in the colon of a human or mammal comprising orally administering a 

drug delivery composition comprising a starch capsule containing the 
vaccine and wherein the starch capsule is provided with a coating such 1 
that the vaccine is predominantly released from the capsule in the colon 
and/or terminal ileum. 



20 



WO 95/35100 



PCT/GB95/01458 



FIGURE 1 
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FIGURE 2 
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Aquateric* aqueous 
enteric coating 



With the success of Aquacoat® latex 
film coatings established for sustained 
release dosage forms, the next step was 
to extend the technology to a coating 
that provides enteric performance. 

The result is PMC's new Aquateric 
enteric coating.* 

As with Aquacoat® dispersions, 
Aquateric® enteric coatings are also 
based on a cellulose derivative — in 
this case cellulose acetate phthalate 
or CAP. 

Compared with solvent- based enteric 
coatings, the Aquateric® latex-based 
coating offers a number of production 
and user benefits: 

o Since it uses an entirely aqueous 
vehicle, the inherent and potential 
problems of solvents are eliminated. 
Coating room workers are not ex- 
posed to toxic fumes, and no costly 
scrubbers or solvent recovery sys- 
tems are needed. Just as Important, 
there is no risk of residual solvent 
remaining in the tablet coating. 

« Viscosity remains low— typically 
below 100 cps— even at high con- 
centrations of the submicron-size 
CAP particles. Therefore, more solids 
can be deposited at faster rates 
using existing spray coating equip- 
ment Minimal changes are needed 
In pan speed, air flow and pressure 
or drying temperature. The only 
difference is the requirement for 
ibw-shear pumps and air atomizing 
rather than airless spray nozzles* 

o Because the Aquateric® coaling is 
produced through direct mechanical 
means rather than by emulsion 
polymerization, there are no residual 
monomers, initiators or catalysts 
used in its production. Aquateric 
coatings are completely free of 



but disintegrate rapidly once they 
reach the small intestine. They pre- 
sent an excellent appearance and 
provide a sharp definition of logos, 
score lines or other markings im- 
pressed onto the tablet surface. 



Product Description 

Aquateric® coating is a reconstituted 
colloidal dispersion of latex particles 
rather than a solvent solution coating 
material. It is composed of solid or 
semi-solid polymer spheres of cellu- 
lose acetate phthalate ranging in size 
from 0.06 to 3ft with an average par- 
ticle size of 0.2fi. 

FMC has developed a proprietary pro- 
cess for the conversion of CAP polymer 
into a latex form and for spray drying 
this latex into a powder which is redis- 
persible. This is accomplished by a 



special mechanical emulsion tech- 
nique to produce the submicron sh 
particles and subsequent spray dryii 
after addition of suitable physical 
barrier materials. This process doe; 
not alter the performance characte 
istfcs of the fundamental CAP polyrro 

In its initial form, Aquateric® is a dr 
white water- insoluble powder It is 
then-dispersed in water to create th 
unique reconstituted latex film coatir 
system, A typical dispersion may co 
sist of 10-30% solids, yet have a vis- 
cosity in the 50-100 cps range. 

As the water phase ts evaporated aft 
coating, the individual polymer sphere 
each containing hundreds of polym 
chains, coalesce into a thin, clear, 
homogenous film that adheres well 
the tablet substrate. 

The chemical composition of the C/ 
polymer is shown below. 
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Disintegration Time as a 
Function of Film Thickness 



Film thickness is an important param- 
eter in the formulation of an enteric 
dosage form. Too little coating can 
result in tablet failure during transit 
through the acidic environment of 
the stomach. Too much coating may 
lengthen intestinal disintegration 
time, and will increase manufacturing 
time and cost 

Disintegration times of aspirin cores 
coated with varying levels of Aquateric 
and CAP/organosol formulations are 
compared. 



Aquateric® Formulation 




CAP Formulation 




Aquateric® powder 


65 parts 


CAP 


74 parts 


Diethyl phthalate 


27 parts 


Diethyl phthalate 


18 parts 


Color solids 
(propylene glycol 
base) 


8 parts 


Color solids 
(alcohol base) 


8 parts 


Water q-S- 18% solids 


Ethyl acetate/ 
isopropanol 
(90/10) 


q.s. 8% solids 



Discussion of Results 

Film integrity, which is influenced 
by coating composition, coating con- 
ditions, and coating thickness, deter- 
mines an enteric coating's ability to 
prevent failure in gastric fluid. Under 
the experimental conditions outlined 
above, a film level of at least 5% was 
necessary to insure integrity of coatings 
made with both Aquateric^ and CAP/ 
organosol 

At levels higher than 5%, Aquateric 
coatings exhibit faster disintegration 
times than CAP/soIvent applied at 
the same level. x 

The in vitro disintegration time observed 
for both coatings shows an increase 
with increasing coating leveLThis result 
js consistent with the in vivo studies 
of Chaumeil and Piton*. who demon- 
strated a linear relationship between 
disintegration brne and CAP/organosol 
coating thickness on ASA cores. * 
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Standards sheet 

(Info LD-7a/e) 



Solid substance iTom me aqueous 

acrylic polymer dispersion EUDRAGIT L 30 D 

for enteric film coatings soluble In intestinal fluid 

from pH 5.5 upwards 

"Methacrylic Acid Copolymer" USP/NF 




Quality norms and for 
methods of analysis 


EU DRAG IT 

L 100-55 



Chemical Structure 

EUDRAGIT L 100-55 contains an 
anionic copolymer based on meth- 
acrylic acid and ethyl acryiaie. The 
polymer corresponds to USP/NF 
"Methacrylic Acid Copolymer, Type C". 




The ratio of the tree carboxyl groups to 
the ester groups is approximately 1 :1. 
The mean molecular weight fe 250000. 



For the improvement of the film charac T 
terjstics, the addition of plastictzen? is 
recommended. 

EUDRAGIT L 100-55 is preferentially 
used to afford an enteric coating to 
drugs which is soluble in intestinal fluid. 



Commercial Forms, Content 

EUDRAGIT L 100-55 

White, very .fine, fnee-flowing powder 
with a weakly sour odor. 

The dry substance -contains 0.7% 
Sodium Lauryl Sulfate Ph. Eun/NFand 
2.3% Polysorbate 80 Ph, £uc/NF as 
emulsifiers. 
Content 

At least 95,0% dry substance. 

1 g powder is dried in an oven for 6 h at 

110*0, according to Ph. Eur. r "Loss on 

dryingh Method d. 

Particle size 

At least 95% less than 0.5 mm. 



Properties 



The polymer meets the requirements of 

USP/NE 

Dispersibilrty 

EUDRAGIT L 100-55 is dispersabfe in 
water to form a latex which In Its proper- 
ties and processing conditions corres- 
ponds to the initial EUDRAGIT L30 D 
dispersion (see Info LD-5/e). 
Solubility 

1g EUDRAGIT L 100-55 dissolves in 
7g methanol, ethanol, iscpropyt al- 
cohol and acetone and in sodium 
hydroxide 1 N to gfve clear to slightly 
opalescent solutions. 

EUDRAGIT L 100-55 is practically in- 
soluble in ethyl acetate, methylene 
chloride, petroleum ether and watec 
Test solution 

A 12.5% solution of the dry substance 
in isopropyl alcohol is used as the test 
solution* 

Formation Of film 

A clear film is formed after the evapora- 
tion of the solvent when the test solu- 
tion is poured on Teflon foil. 
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Gasfroresisfant, enterosoluble 
coatings for solid pharmaceutical 
dosage forms 



* aj^^- Many pharmaceutical dosage forms irritate the stomach due to their 

^©geCFIVw chemical properties. Othe^ undergo chemical changes in gastric acid 

and through the action of enzymes, thus becoming less effective. 



The therapeutic objectives of manufacturing enteric dosage forms 
are therefore as follows: 



• tolerance in the stomach 

• controlled time release 

• optimised duration of effect 

• specific site release 



The dosage form iteelf is exposed to o variety of influences. In this context, 
the technical objectives are as follows: 

• high mechanical stability 

• long shelf life 

• protection of active ingredients sensitive to gastric fluid 

• sealing of mutually incompatible active ingredients 



Gastro resistant, 
enterosoluble coatings 
with EUDRAGIT 

ementafion Specific EUDRAGfT acrylic polymers have been developed for peroral dos- 

age forms with stepwise release of active ingredient in the digestive tract. 
The pharmaceutical principle: reliable EUDRAGIT coatings soluble as a func- 
tion of the environmental pH value. 

Depending on the pharmaceutical or technical objective, different EUDRAGIT 
polymers offer optimum solutions: 
Coatings which dissolve at rising pH values: 



• release of active ingredient in the duodenum* 

with EUDRAGfT L 1 00-55 or the aqueous 

dispersion EUDRAGIT L 30 D55 at pH values over 5.5 . 



• release of active ingredient in the jejunum to ileum: 

with EUDRAGIT L 1 00 ot pH values over 6.0 

of with mixtures of EUDRAGIT L 100 and EUDRAGIT S TOO 

in pH range 6.0 to 6.5 



- • release of active ingredient near Hie colon: 

with EUDRAGIT S 1 00 in pH range 6.5 to 7.5 



Products 



f 

s 

1 



EUDRAGIT L and EUDRAGIT S 

EUDRAGIT L and S grades are anio 
nic polymers based on mefhacrylic 
acid and methacrylic acid esters. 
The ratio of carboxyl groups to ester 
unite is about 1:1 in EUDRAGIT L 
grades and about 1 :2 in EUDRAGIT 
S grades. The films are insoluble 
below pH 5 and thus resistant to 
lastric fluid. By salt formation in the 
•leutral to weakly alkaline medium 
of intestinal fluid, the films dissolve 
step-wise at pH values above 5.5. 

The specifications of all EUDRAGIT 
grades and analytical methods 
for quality control are available in 
special data sheets (Standards 
Sheets], as .well as all documents 
required for registration with the 
pharmaceutical authorities. 
EUDRAGIT l/S polymers are des- 
cribed in international pharmaco- 
poeias: e.g.. USP/NF, „Methacrylic 
Acid Copolymer*, Types A, B and C. 
Registration documents have been 
filed in all major industrial countries. 
Detailed information on handling 
can be found in the corresponding 
lata sheers. 

Table 1 shows the available products 
and their physical forms as well as 
the main technical properties. 



Table 1 . Physical forms 



Product properties 

Of decisive importance for the con- 
trolled release of enteric-coated 
active ingredients is the disso ution 
profile of the EUDRAGIT L/S film- 
formers in the intestinal pH range 
5,5 to 7-0- The graph in Fig. 1 indi- 
cates how the film coatings dissolve 
in the intestine. In the duodenum, a 
pH range of 5,5. - 6.0 is to be expec- 
ted; in the lower sections of the 
• intestine, the pH value norma \y 
increases gradually to about pH 6.5 
- 7.0 neor the colon. However., 
the release of active ingredients also 
depends on the thickness of the film 



coatings and the solubility character- 
istics of the active ingredient under * 
physiological conditions. 

All polymer types in Fig. 1 con 
be mixed with each other in any 
desired ratio, thus making it possible 
to adjust intermediate values. 
The release values established in 
vitro must be confirmed in pharma- 
cological and clinical tests. 





Dissolution from pH 5.5 


Dissolution from pH 6.0 


Dissolution from pH 7.0 


EUDRAGIT L 10055 
powder* 


EUDRAGIT LI 00 
powder* 


EUDRAGIT S 100 
powder* 


EUDRAGIT L 30 D-55 . 
aqueous dispersion 


EUDRAGIT L 1 2,5. 
organic solution** 


EUDRAGIT S 12,5 
organic solution* * 


Methacrylic Acid Copolymer 

USP/NF 

TYPC 


Mefhacrylic Acid Copolymer 

USP/NF 

TYP A 


Mefhacrylic Acid Copolymer 

USP/NF 

TYP B 



* soluble in organic solvents, rgdUperstbte in water 
** not supplied to overseas countries 
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Basic formulations 



Aqueous dispersions 

BysfiTTingtheEUDRAGrri/S . 
powder into water and adding 
ollcali unfil partial neutralisation of 
5 -V5% of the carbaxyl groups, 
aqueous coating formulotions can 
be prepared. 

Under the trade name EUDRAGIT 
L 30 D-55, a 30% aqueous dispersion 
- available based on EUDRAGIT 
LiOO-55. Aqueous dispersions based 
on EUDRAGIT U 00 and EUDRAGIT 
S 100 are being developed. 

Aqueous polymer dispersions show 
very low viscosity at high solids con- 
tent, but tend to coagulate under the 
influence of heat and high shear or 
electrolytes. The stated formulations 
and processing conditions must there- 
fore be observed as closely as pos- 
sible. Microbial contamination must 
be avoided when handling the 
dispersions. Residual amounts should 
be stored in tightly closed containers 
and used up within a few Weeks. 



Colourless enteric coatings 

-■v/hen manufacturing the spray sus- 
pension (see basic formulation IV), 
the following steps must be observed: 

1 . Redispersion 

of EUDRAGIT L 100-55 

The polymer powder is added slowly 
with stirring (see Fig. 2) to the 
specified quantity of water (at room 
temperature). Excessive (bam forma- 
tion as well as lump formation are 
to be avoided. After five minutes, the 
sodium hydroxide solution is added 
with stirring, in a thin stream, within 
about 5 minutes. 

If the polymer suspension becomes * 
more viscous during addition of the 
alkali, the stirring speed must be 
increased. 




EXHIBIT F 



Figure 1. Dissolution of diclofenac capsules in pH 6.8 phosphate buffer 
(mean, n=3) 
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